










































Knowledge Sources for Word-Level Translation Models
Citation for published version:
Koehn, P & Knight, K 2001, Knowledge Sources for Word-Level Translation Models. in L Lee & D Harman
(eds), Proceedings of the 2001 Conference on Empirical Methods in Natural Language Processing. pp. 27-
35, 2001 Conference on Empirical Methods in Natural Language Processing (EMNLP 2001), Pittsburgh,
PA, United States, 3/06/01.
Link:
Link to publication record in Edinburgh Research Explorer
Document Version:
Publisher's PDF, also known as Version of record
Published In:
Proceedings of the 2001 Conference on Empirical Methods in Natural Language Processing
General rights
Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.
Take down policy
The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.










     	 













 		 	 
	




































    		    
 
 	 		 	 	
 

  	 	 
 
  !"# $	

% &"













	    
 	 






















 &  *  
	 	

 	 !   
   
 	









  	 
 
 
















 	  	 

0
  /	    	 
 		
	 	
  1	 


   	

  
  	 
   
 















































!   	    	
 













 		  
	 
	 	
    	  	

   










 		 		 		
	 






	     










































   	 	 	 /	 -
!		  3	    	


  2  	  

  










  . 
 	
 




 	   		 		












	  	 




	    . 
	
 
 	  	 	
 
 	 	 
  	 
 3
0     	 &	0 	
  	*
     . 
 	  
 
    
 	 
  	
 30    &	0

   	*   
 &	0 





   . 
	
	 
 	  





 	 	   

  













.	   	   	











  2 
*
  
  3	 
   










   	
      	
  
     	  	
      

 	    
 
     
       
   
  
 
  	  !	  "
     





   
  	
   	
&   '   	 
       (
)    	 ' 
   *      
   * ) 
    
   ) 
  ' 
&  
 	'   
)    ' ))  	
 	 )   
 ) '
    
	  	 	
    	

  	
&    '    
    
    
  )'  ()   
' 
  	'    ' 
'   
    * 
 

   
    
  
 
  ' 
&   
 	'    
   ' ))  	
'  	 )  
  

) '    ( 
	  	 
&    '    )
    
 
     

	'  () ) 
  
	 '   '   
* '' 
      




&   
  	' ))'  
     ))  
    (  	 ) 

  
 ) '   ( 
/	 -0 4 











	   
	
           
   	
            
              
  	
             
	               
	              
!" 
#	            
/	 60 "
 













 	 	   
 	 
	






















 ! 	 	   

   	    	 
 %	






  	 
 
  
    	
  %	

	 	  	  	 
 	  
	   
   











    
  





   &	0     











 	       &	0 

   	 	0    *

 	  
   

 
   
 	 		
	







	   
  	 	
< 
     
 






    	
  
  
  #. 0  
 	
 	
   	 




   

 	  		 	





























   

 	 		 
   

   	
  	 
   	 
 4

3	  	 		 

































   
 














  	 	 	
 . 

	 	  
 









	 	 	 








  	 	
 
 







   
  	 
 
		1 

















   	 

	 







 	  
	 
 
   3













 2  

 
 '((7-))) . 	1 
  








	1 : 	 
	








     
	  















   	  
 		 		






       A
 & A*  2
  	 &?4* 

 	  

	 

















   	  




















	 1   

  
 2  3	 "	B 

   
 3	 &"	 '((5*











  3	 "	B 3	 4< 

   ?3@3  23	 


   >3< 23	 		

      A
 
 &3	*




    






@ &#	   '((6*
  !	 "
/
 	    








































   	 	
	   	
	   	

 . 	 














  %	   ! 	






  	  	
 
 (-)7 2


















=)))  	 
  ?3@3  

   	
    		 

	







   
3	 	
 
  2 
 	
 2  

















 	  2 
   
   
 	  3	










	 	  	









 	 	    
  
	












  	 	






























 	   	  

 	  	
  	 
 	  
	
  	 	 	
 " 	 	












   '))9  
	 










    		  
 	  

	  
















 	  


















































































	 * 	   
   
 




 	  		
 	
 	  +
 &'((5*
! "





   	 8(=9


















>   
	 
  	 
	  	
	 

















  	  	







    
 	
 	 	
 	  	 













    			 		
 	 	 









   
 
 


























   	




  2 
 	
3	 	
 .	 	  
	 
 		  
 	  		
 	
#! "





  @  	
 2























 	  %
	 
  			 		












 .	 	 

   % 
  	 .

		 		  	  
   
 
 





  	 
 ! 	  

 	    
 	 	
( $ )  		 %
$ 
	








 !   	   
	
  	 % 	
 3	 
  
















 	  3	 	
 	 	 2
 	   		 
 
 	  2
 	
 	 	 3	 	  
3	  













&*   	












 	  
	 . 





&*   	 




  3	 




  2 
 
























 		  	 	
 





<	1   '(((* &#
 6*   
  2 	 
  	
  
	   
 &2   -))'* !
 
  C7(9 










/	 5 	     

 		 	
   
0   

  		  
  	 
 

	 	  		 
 <  
 
 =) 















  ')-5 	   
 
	





 	  	
 	
 










 	  

	 3	 
    	 	
 -   
	 



















0 1 2+ 4+ 8+ 16+ 32+ 64+ 128+ 512+ 1024+256+
Number of examples per word
Decision List (Section 5)
Giza (Section 7)










   











  2 
 &) 	
	 *  
 	 
  
	  	 
  3	 

 /
    
 
  
 	  		 -C9 .	 	  
 

  "  
     		 	
2  3	 @
  	 	 
 
  0 !    2 

























































  "	  
  

 	 	 













  	   &K	 '(((* 
 	
   
 
 		 	 
	


















  =  -) F   

" 	   





   























 "  	 

 		





   
 	 	 $% 





     




	 	   
 	   

	  	 	
    	
	 
 














































 	 	 '8)))) 	 $%




			     

 	  
 











	  	 	 
		 	





!    











  	 
  











 	  
 
 	 
  .	 
   
 





  &>	 
,	 '((8* 













  ,	 &-)))* !   	

 
 	      

 
 	  
  . 

 	  
 	  
 
&2*   	  3	 













 	 3	 
 	
	  










	  	  

0 <  








  3	 

























  2 

& 	












		    
    

	 	    
 &	

   
* 	   		 
	 	
  
   2
   





 	  
%! "
F	  
  	 C=69 
   
   
 CC69 
 3# 
 	 	 
 C()9 	 

   
   		 	






   	 &88(9* ;

   










   






  		 	

+ $ ) '	 %	
& 
	


































				   
  	 
	
  	  	 
 K &'((=














  	 

  ;  	 
	 
 
 	  		 	
  
  /
&'((=*M /  + &'((8* 	  
 












    	 	
		 	 
  & 
  * 
	
   		 	  
 
 .  			  
	 	
 		 
 &   '   * 	












     	 

  	
   
  








  		 	 
















   












	  ?	  /	 &-)))*

 
 	   ;
 
 
































  		 
 	 	
  
 	 0 
     
 	 	 2  3	
/









 	 3	 &    
 * . 	















  + +  
+ + + +

















	    
































   	 
   

  	
   	 	
 	
 




 	 	  

 




	  	 6879 .	 	 	 	
	 	  	 : 	 
 

 : 	 
















 : (=9 
 






   	 
 
























	   0
 	 		 
   
 
 















   		 




















  & 
)# 
$ %










































 	  	 	

	  	 




 	    
 
	














  ?K4!.< 
@77))'))'(8'5

,-!($ .$ /$ 0$ 0$ )$ 1#$ 1$
23$ 0$ )	$ $ !
$ 4-0$ 	$










=$ * 78 " 	;
  ->	  

 ### ?  	 
 
= $ $ /
6$ 0$  $ " ,$  $
@ 0$ 06$ 4$ 23$ 0 $ )
$ A 2$ 	




  		$ 78BC
>$ ) 78 , ;	 	  -
#  	  ### #  
B ,
 ;# ?  	 
 		  $ # C
>$ ) 	 4
$ " 78 , 
  	-;





  	 

 		  !"#




 ? $ 
	  %  $ # C
4#$  	 .$ 2 . 78 , ?A 
 
#   	  $ 
>
% ?  	 
  &'$ # C
'$ < 	 /
$ 1 78 , #  ##

  ># 
  	
	$ 78
'$ :$ 0$ )$ 1#$ 1$ )
$ $ 	 .-
	$ 1 78 4 	
	# 	  	
	#
 
  ?  	 
  &(
?	$ 5 	 @D$ 0 78 ?	
   -

    	  	>#B    
   		$ 78BC
1$  	 1#$ 1 78 *#  	 -
 >>  	 # 
-
 #  *) # ?  	 
 
2#6	$ ? 	 1#$ 1 78 ' 
% 
->	 
 6 	# ?  
	 
  &'$ # C
)	$ ?  78 )	   &;-

 #  	  		$
78BC
)$ ' ,$ =
6 $ A$ 4>$ /$ '$ $










)$ A 78 /; %  	-
>#  	 B ,   > 

 # ?  	 
  

  	  )   		
* ) 
A$ A 78 ?	#  	   -
 % ?  	 
  &&$ # C

A$ A 78 ,
 	E
   	 -
  	 # 	 # 
 ?
 	 
  &+$ # C
A6$  78 )#   >  ># % ?
 	 
  &+$ # C
.	$ 1 	 1#$ 1 78 , %->	 -

  	 ?  	 
  &(
. 6$  78 





   "-
 	 4
 ?  	 
  &,
. 6$  78 :;	  	  	-
># ;# ;	 	 ?  	

  &&$ # C
